I. INTRODUCTION
The second generation superconducting wire technology which is typified by the YBa,Cu,O,., (YBCO) coated conductor, is regarded as a promising approach for high temperature superconductor (HTS) power applications at liquid nitrogen temperatures, and is a topic of significant activity in the field of high temperature superconductivity. The Rolling Assisted Biaxially Textured Substrate (RABiTS) process, which is one approach to obtaining YBCO coated conductor, utilizes a biaxially textured metal tape, formed by cold-rolling and annealing, as the initial textured substrate. YBCO films possessing zero field critical current density (J,) and in-field properties comparable to those deposited on single crystal substrates have been successfully synthesized on the Most of the effort reported to date has focused on the fabrication of the YBCOhuffer layer architecture on small rolled-Ni substrates (less than 5 mm X 20 mm) for RABiTS process development. In order to further evaluate the FUBiTS approach, long-length conductor synthesis will need to te. demonstrated. There have been many efforts to deposit hi@ h quality YBCO films on large area substrates u:jing pulsed laser [5]- [16] . In most cases, the focus has been on preparirig YBCO films on large (up to 3 inches in diameter) Si, MgO, NdGaO,, LaAIO,, or sapphire single crystals for microwave and digital electronic device applications. Many ingenious ideas regarding the laser beam rastering, target manipulatin 5 , and/or substrate heatinghotating made possible a good deal (of advancement in this area. For instance, the deposition (of YBCO films with excellent superconducting and structural properties on substrates the size of 7 cm X 20 cm with thickness variation of less than -t9% has been demonstrated with pulsed laser deposition (PLD) [6] , [7] .
In this paper, we report on the continuous deposition ,of multilayer YBCO/CeO,/yttria-stabilized-zirconia (YSZ)/CeO, oxide films on 1 cm X 10 cm rolled-Ni tape using PLD.
EXPERIMENTAL SETUP AND PROCEDURE
The Ni tape was radiatively heated and linearly translated in the direction perpendicular to that of the plume. Fig. 1 shows schematically the PLD system used in this study. The incident laser radiation (248 nm) reflects off a rotating mirror, passes through two focusing lenses and a quartz window, arid impinges onto 50 mm diameter rotating targets with an angle of incidence of -45". The focused laser beam is rastered over the target elliptically ( (1) in Fig. l(b) ) using the rotating mirror in which the axis of rotation is asymmetrically off the laser beam direction. In addition to rotating ((2) in Fig. l(b) ), the target is also moving back and forth between two offcenter positions ((3) in Fig. l(b) ) after a set number of laser pulses, so that the center of the laser beam ellipse is off the center of the target. The left and right (in Fig. l(b) ) sides of the target are eroded by the laser beam equally, thus minimizing the evolution of undesirable target texturing. More than 80% of the target surface is utilized with this beam rastering / target manipulation scheme.
The substrate was radiatively heated by two quartz halogen lamps, each with a power of 500W. To avoid deposition on the part of the substrate that is not in the appropriate temperature range and which is exposed to the outer edge of the plume, a plate with an aperture of 20 mm in the direction of the substrate movement was inserted between the target and the substrate. The substrate (1 cm X 10 cm) was attached to a holder, one end of which was connected to the linear motion feedthrough. The target-to-substrate and substrate-to-heater distances were 7 cm and -1 cm, respectively.
The measurement and control of the substrate temperature is a significant challenge during radiative heating of the moving tape. A thermocouple (T/C) spot-welded to a piece of Hastelloy foil was placed between the substrate and the quartz lamp in such a way so as not to perturb the temperature distribution of the substrate. The signal from this T/C was used to provide temperature feedback to the substrate temperature controller. The actual substrate temperature was estimated using a calibration curve obtained by using another TIC attached directly onto the surface of a Ni substrate. The calibration curve was obtained for the four different deposition conditions -(1) 180 mTorr 4%H,/Ar for CeO,, (2) vacuum (5 X Torr) for CeO,, (3) Torr 0, for CeO, and YSZ, and (4) 200 mTorr O2 for YBCO. Deposition temperatures used were 700-725°C for CeO, and YSZ, and 750-785°C for YBCO.
The substrate holder was designed to maintain constant tension on the Ni tape in order to prevent bending due to thermal expansion. Typical deposition conditions for the films include a fluence of 1.5 J/cmZ, with a laser repetition rate of 3 to 10 Hz. The substrate was translated at speeds ranging from 2.3 to 9 mm/minute. Multiple scans of the substrate through the deposition chamber were made to deposit each layer. Fig. 2 shows the temperature profile of the substrate obtained from a calibration run performed in 180 mTorr 4% HJAr. This curve was obtained by moving a Ni tape (with calibration T/C attached on the surface facing the target) at a speed of 7 mm/minute while the temperature of the heater assembly was kept constant. The temperature distribution did not show any dependence on scanning speed up to 9 mmlminute. There was a 25°C difference in temperature in the section of Ni that is exposed to the plume through the aperture of size 20 mm in the scanning direction. This difference in temperature in the 20 mm section increased to about 30°C for the conditions used to deposit YBCO film.
RESULTS AND DISCUSSION
The thickness profile of a YBCO film (average thickness of 1.1 pm) deposited on a 1 cm X 10 cm Ni substrate in the direction of the scanning is shown in Fig. 3 . The thickness variation, as measured by the stylus profilometer, was f7%.
It took 130 minutes (10 Hz laser pulse, scanning speed 2.3 mmlminute) to deposit the YBCO film shown in Fig. 3 . The good thickness uniformity indicates that the intensity of the plume was kept nearly tonstant throughout the YBCO deposition, reflecting the utility of beam rastering and target manipulation. The YBCO film deposition rate was approximately 30 nm/minute in the 20 mm (aperture opening size) X 10 mm (width of the tape) area. Fig. 3 also shows the composition profile of the same region for this film. Energy dispersive X-ray spectrometry was used to determine relative amounts of composition change in YBCO film. The concentrations of Y, Ba, and Cu were uniform to within +3%, f 4 % , and +5%, respectively. Fig. 4 (a) shows the XRD results from @-scans of a YBCO/CeO,NSZICeO,/roIled-Ni structure. The in-plane FWHMs obtained from YBCO (1 13), YSZ (1 1 l), CeO, (1 11) and Ni (111) peaks were 12.6", 11.6", 10.1", and 10.9"
respectively. This indicates that the biaxial texture of the long length, moving Ni tape was transferred through the buffer layers to the YBCO as was previously shown for films deposited on small area, stationary Ni substrates [1] - [4] . The variation of in-plane and out-of-plane orientations of YBCO and YSZ layers along the substrate scanning direction in the central 15mm region is shown in Fig. 4 (b) . The in-plane and out-of-plane texturing of YBCO and buffer layers are uniform along the scanning direction with variation less than +lo% and +5%, respectively.
The superconducting transition temperatures of the films were in the range 86439°C. The average transport zero field J, (77K) measured by the standard four-probe method using a 1 yV/cm criterion was -200,000 A/cm2. The highest J, and I, at 77K, OT obtained was 270,000 A/cm2 and 16.7 A, respectively when the voltage drop was measured between two voltage taps Icm apart.
IV. SUMMARY
The continuous deposition of multi-layer oxide films on 10 cm-long rolled-textured Ni substrates was demonstrated using PLD. The Ni tape was heated radiatively and translated while oxide layers were continuously deposited. Good uniformity of the film thickness, composition, and texturing along the substrate moving direction was observed. An average zero field J, (77K) of approximately 200,000 A/cm2 was achieved, with the highest J, and I, at 77K, OT measured to be 270,000 A/cm2and 16.7 A , respectively.
